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COMPLETE SPECIFICATION 
Manufacture of Fluorocarbons 



We, Allied Chemical Corporation, a 
Corporation organised and existing under 
the laws of the State of New York, United 
States of America, of 61 Broadway, New 

5 York 6, New York, United States of 
America, do hereby declare The invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 

10 and by the following statement: — 

THIS INVENTION relates to processes 
for the production of fhiorocarbons by fluor- 
inating aliphatic balocarbons. 
It has been found that substantially an- 

15 hydrous dichromitim trioxide, Cr £ 0 3? cata- 
lyses the fluorination of certain aliphatic 
halocarbons with anhydrous hydrogen fluoride 
to form compounds having higher fluorine 
contents, and that the dichroinium trioxide 

20 possesses properties which effect high yield 
metathetical exchange or organically bound 
non-fluorine halogen of the starting material 
for fluorine contained in the hydrogen fluor- 
ide, 

25 According to the invention fhiorocarbons 
are made by heating a halogenated straight 
chain saturated C--~C,, aliptetic hydrocar- 
bon containing at least one- carbon atom car- 
rying at least two halogen atoms of which 

30 one at least is chlorine or bromine, and con- 
taining no element other than carbon, fluor- 
ine, chlorine, bromine and hydrogen in the 
gas phase with gaseous substantially anhyd- 
rous hydrogen fluoride at a temperature of 

35 225—650° C. in the presence of a catalyst 
consisting of dichromium trioxide and ob- 
tained by precipitating hydrous chromic oxide 
from an aqueous solution of a trivalent chro- 
mium salt and subsequently heating it to 

40 300^-400° C for not less than one hour. 
The reactions involved may be represented 
by 

.RX+HF-^-RF+HX 
R l X+2HF^RT 2 +2HX 

[PnV "~ - - - 



where X represents chlorine or bromine, and 
R is a halohydrocarbon radical which may 
contain varying amounts of fluorine, chlorine 
and bromine. 

The saturated halogenated straight chain 
Q — C. t aliphatic hydrocarbon compounds 
preferably contain one or three carbon atoms. 
The invention particularly provides an ad- 
vantageous route for the manufacture of car- 
bon tcrrafluoride, and for this purpose the 
starting material will contain a single car- 
bon atom. Thus the starting material may be 
a psrhalogenatcd methane containing at least 
one chlorine atom, all the other halogen 
atoms being either fluorine or chlorine, and 
the flucrination temperature is 400—550° C, 
and tctrafluoromethane is produced. In ad- 
dition to the Starring materials indicated in 
the appended Examples, the compound 2- 
chloro - 3,3 diehloroheptafluorobutane (CF 3 
CFClCCLCF a ) may be particularly men- 
tioned. 

The anhydrous dichromium trioxide cata- 
lysts are made by a specific heat treatment 
of hydrous chromic ox-ides derived as precipi- 
tates from aqueous solutions of trivalent 
chromium salts such as chromium nitrate, 
chloride, and sulphate. While the hydrous 
chromic oxides may be precipitated by add- 
ing bases such as sodium and potassium 
hydroxides to the chromic salt solutions the 
preferred catalysts are those derived from 
hydrous chromic oxides precipitated by means 
of ammonia, e.g. as ammonia gas r.r aqueous 
ammonium hydroxide. A satisfactory method 
for making such a hydrous oxide is to add 
an aqueous solution of ammonia to a heated 
aqueous solution of a trivalent chromium 
salt, preferably the nitrate (CrCNO^^fkO, 
until the solution is approximately neutral, 
at 3bput pH 7. The resulting solution may 
be boiled for a few minutes and filtered while 
hot- The hydrous chromic oxide precipitate 
recovered on filtration may be hot water- 
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washed to leach out ammonium nitrate and 
any odiex water-soluble impurities, and then 
converted to the catalyst of the invention by 
heat treatment at temperatures not higher 
5 than about 400° C> preferably after a pre- 
h'minary drying effected in any suitable way 
such as by heating under vacuum or in an 
inert gas stream, or by heating in my equip- 
ment provided with facilities for steam es- 
10 cape. In one of the better methods the hyd- 
rous chromic oxide is dried at a tempera- 
ture of about 100— 200 Q G to remove most 
of the combined water, and the partially de- 
hydrated oxide is then granulated to about 
15 4 to 20 mesh (apertures 4.7 to 0-8 mm.) or 
pressed to pellets, e.g. about 3 mm. in dia- 
meter and 10 mm. long. The sized material 
is then subjected to heat treatment for a 
substantial period of time at a temperature 
20 of about 300—400° G 

In all embodiments of the invention, par- 
ticularly when the chromic oxide has been 
precipitated (with ammonia), it is preferred 
to subject the chromiuc oxide to the heat 
25 treatment in a suitable vented heating cham- 
ber, i.e. in an atmosphere consisting of water 
vapour and optionally an inert gas, for at 
least two hours, especially two to four hours 
and until the gases leaving the heat treater 
30 contain no water, TJiis heat treatment, in 
addition to effecting an unusually thorough 
degree of dehydration, imparts to the cata- 
lytic material die properties to which are at- 
tributable its fluorination characteristics. 
35 Although this is not preferred, the di- 
c]u*omium trioxide catalysts may be used in 
supported form, i.c, supported on inert re- 
fractory material such as silica, fused alumina 
chips, or calcium or magnesium fluoride. A 
40 supported catalyst may be prepared, for ex- 
ample, by soaking fused alumina 4—8 mesh 
(apertures 4-7 to 2-4 mm.) chips in a saturated 
solution of chromic nitrate, filtering, drying 
and heat-treating at 300—400* G, as above. 
45 Alternatively, a supported catalyst may bs 
made by cupredpitating chromic hydroxide 
and a refractory material such as calcium 
or magnesium fluoride' and, after .filtering, 
subjecting the precipitate to drying and heat 
50 treatment as above. In making supporting 
catalysts, the rcactants may be used in pro- 
portions such that the catalytic materials 
contain 1—60%, preferably 2 — 45%, by 
weight of Gr s O v 
55 Preferably, however, the catalysts are used 
in unsupported but sized form, i.e. in granu- 
lar or pelleted form. Catalysts made as des- 
cribed above by precipitation with ammonina 
followed by the heat treatment at 300 — 
60 400° G are substantially amorphous, and 
have a crystallite size, as determined by X- 
ray diffraction. A further characteristic of 
these unsupported catalysts is their relatively 
high surface area* which is generally at least 
65 5m'/g. and usually above 50m 5 /g., as deter- 



mined by the standard nitrogen adsorption 
method described by Emmctt and Brunauer, 
Journal American Chemical Society, Vol. 56, 
35 (1934).. using the method of calculation 
of Harkins and Jura, Journal American 70 
Chemical Society, Vol. 66, 1366 (1944). 

Any suitable chamber or reactor tube 
equipped for metered introduction of rcac- 
tants and constructed of inert material may 
be employed for carrying out the reaction, 75 
provided the reaction 2cne is of sufficient 
length and cross-sec: ional area to accommo- 
date the amount of catalyst necessary to 
provide adequate gas contact area and ai the 
same time to afford sufficient free space for 80 
passage of the gas mixture at an economical 
rate of flow. Materials such ks nickel, graph- 
ite, <f InconeI" (a Trade Mark) and other 
materials resistant to hydrogen fluoride may 
be used. The reactor tube may be externally 85 
heated, as by e'cctrical resistance heaters. 

The process of the invention in general may 
be carried out by introducing a gaseous mix- 
ture of ths reactants into a reaction zone 
containing the catalyst, and heating the mix- 90 
ture in the zone at the temperatures indi- 
cated above for a time sufficient to convert 
an appreciable amount of the haiocarnon 
starting material into a higher fluorinatcd 
compound, withdrawing th c gaseous pro- 95 
ducts from the zone, and recovering the 
fluorinaied material from them. Atmospheric 
pressure is preferred, but the reaction may, 
if desired, be carried cut at superatmosphcric 
or subatmospheric pressure, * 100 

The reaction temperature is maintained at 
or above the level at which fluorination of 
the particular starting material begins to take 
place in the presence of gaseous hydrogen 
fiueride and dichromium "trioxide catalyst. 105 
Son* fluorination may be noted at tempera- 
tures as low as about 225° G, but the reac- 
tion proceeds at a more satisfactory rate, 
and fluorination will generally be more com- 
plete, at temperatures upwards of about 110 
250° C. Temperatures as high as about 
650° C cin be used, although to guard 
against decomposition of starting material 
and products, temperatures higher than about 
600° G are usually net employed- Thus, the 115 
preferred temperature range is 250—600* 
G Temperature variations within this rane;c, 
along with variations in the mol ratio "of 
hydrogen fluoride to halocarbon starting 
material and rhe particular halocarhon used, 120 
determine what products will be formed, and 
in what relative amounts. For making car- 
hen tetrafluoride, temperatures in the range 
400—550" G are preferred. 

The molar rario of hydrogen fluoride ro 125 
halccarbon (i.c. total organics charged) de- 
pends to a considerable extent on the amount 
of fluorine, if any, contained in the halo- 
carbon and the amount of fluorine desired 
in the product. Generally, if a highly flucr- 130 
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inated product is desired, and the haiocar- 
bon contains no fluorine or only a small 
proportion and # contains a relatively large 
number of chlorine and /or bromine atoms to 

5 be replaced, correspondingly large amounts 
of the hydrogen fluoride are introduced into 
the reactor. One mol of hydrogen fluoride for 
each atom of chlorine or bromine to he sub- 
stituted is the theoretical requirement. It is 

10 generally desirable to maintain the mol ratio 
of hydrogen fluoride to total organic start- 
ing material sufficiently low to ensure a high 
percentage utilisation of the fluorine in the 
hydrogen fluoride, so simplifying or avoid- 

15 ing the potentially difficult problem of re- 
covering unchanged hydrogen fluoride from 
the product mixture; recycling of unreacted 
halocarbon is more practicable than recovery 
of nnreacted hydrogen fluoride. In view of 

20 the permissibly wide compositional varia- 
tions of both starting materials and end pro- 
ducts, the mol ratio of hydrogen fluoride to 
organic starting material may also vary 
widely, but in general it will lie in the range 

25 1:1 to 10:1. 

The contact time of the reactants with the 
catalyst may also vary considerably. Short 
contact time tends to form products of rela- 
tively low fluorine content, and vice versa, 

30 The contact time may vary from one to 100 
or more seconds, but is ordinarily not less 
than about 3 seconds, and preferably in the 
range 5 — 50 seconds. In a particular opera- 
tion, the rate of flow of the reactants in the 

35 reaction zone is dependent upou variables 
such as the scale of operation, the quantity 
of catalyst in the reactor, the particular or- 
ganic starting material used, the tempera- 
ture, the product to be made, and the speci- 

40 he apparatus employed, and is best deter- 
mined empirically in each case together 
with the temperature and mol ratio of the 
reactants to be employed, by means of test 
runs. 

45 The fluorinated product may be recovered 
by conventional means. For example, the gas 
stream which has left the reaction zone, after 
removal of acidic constituents and drying, 
may be condensed and the condensate frac- 

50 tionaliy distilled. For experimental purposes 
the identity and amount of product in the 
gas stream may be determined by fractional 
distillation and/or conventional infrared or 
other analytical techniques. The gaseous 

55 product may be condensed in a vessel main- 
tained at a temperature substantially below 
the boiling point of the lowest boiKng material 
present, e.g. by indirect cooling of the gas 
in a bath of, for example, acetone/solid car- 

60 bon dioxide or liquid nitrogen. Substantially 
pure product may be recovered by fractional 
distillation of condensates so obtained, and 
unreactcd halocarbon starting material and/ 
or under-fluorinated compounds recycled to 

65 a subsequent operation. 



The following Examples illustrate the in- 
vention. In all of the Examples ** conversion * 
denotes mck of starting material consumed 
divided by mols of starting material fed 
multiplied by 100. Yields are on the basis 70 
of starting material consumed, i.e. mols of 
product divided by mols of starting material 
consumed, multiplied by 100. 

Except as indicated, the dichromium tri- 
oxide catalysts employed in all runs were 75 
prepared by adding about 530 g of com- 
mercial grade high purity. Cr(NOj) 3 .9H-0 
and 500 g. of 28% aqueous ammonium hyd- 
roxide with stirring to 2000 ml. of water 
heated to about 90° C. The resulting pre- 80 
cipitated hydrous chromic oxide was filtered, 
water-washed, preliminarily dried by heat- 
ing at about 125° C, and pelleted to about 
6 — 10 mesh (3.3 to 1.6 mm.) pellets. These 
hydrous chromic oxide pellets (about 300 85 
cc.) were charged into a nickel tubular reac- 
tor 91 cm. long and 2.5 cm. in internal 
diameter, mounted in an electrically heated 
furnace equipped with means for maintaining 
in the reactor the temperatures stated. The 90 
inlet end of the reactor was provided with 
facilities for metered introduction of vaporous 
reactants, and the outlet end was connected 
to the inlet end of a product recovery sys- 
tem. To complete the preparation of the 95 
catalyst, the pellets in the reactor were sub- 
jected to suitably vented heat treatment at 
a temperature of 370 — 400° C. for about 
four hours, and thereafter until the gas leav- 
ing the heater contained no water, to com- 100 
plcte the dehydration and to . effect the 
changes to which the high fluorination activity 
of the dichromium trioxide catalyst is attri- 
butable. In all runs, unless otherwise indi- 
cated, the gases from the reactor were 105 
scrubbed with water to Remove hydrogen 
chloride and hydrogen fluoride, and with di- 
lute caustic soda to remove residual acids. 
Thereafter, the gas stream was dried by pass- 
ing it through a calcium chloride tower, and 110 
depending upon the boiling points of the or- 
ganic compounds to be condensed, the dried, 
gas stream was passed into a cold trap re- 
frigerated either by a. dry ice/acetone mix- 
ture or by a liquid nitrogen bath. The pro- 115 
ducts- were analysed and identified by con- 
ventional procedures including infrared spec- 
trum analysis. 

EXAMPLB 1 

After the production of the catalyst, the 120 
temperature in the reactor was lowered to 
about 300° C. and was so maintained 
throughout the run. During about 3 hours, 
135 g. (0.72 mols) of 1,1,1-difluorochloro- 
2,2,2 - dichlcrofluoroethane and 30 g. (1.5 125 
mols) of anhydrous hydrogen fluoride were 
simultaneously metered into the reactor and 
through the catalyst bed. The mol ratio of 
hydrogen fluoride to halocarbon wa§ about 
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2: 1, and the contact lime in the reactor was 
about 15 seconds. About 140 g. of organic 
compounds were collected in the cold trap. 
The water scrubber liquor was titrated for 

*5 hydrogen chloride, and about 0.327M Q- 
was found. The trap condensate was fraction- 
ally distilled, and M,2>2 - tetrafluoro-1-2- 
dichloroethane (CRClCF*Ci) was recovered 
in amount indicating a 45 % conversion and 

10 a 95% yieJd. After 92 hours of use, when 
examined by X-ray diffraction, the catalyst 
was found to be completely amorphous, and 
had a surface area of 64M-/g. 

Example 2 

15 During about 4-75 hours, 1.41 mols of di- 
chlcrodifiuoromethane, and 3.75 mols of an- 
hydrous hydrogen fluoride were metered into 
the reactor. The mol ratio was about 1 : 2.7, 
the temperature was maintained at about 

20 460° G, and the contact time was about 14 
seconds. About 115 g. of organic conden- 
sate were collected in a liquid nitrogen cold 
trap. Titration of the scrubber liquor showed 
a recovery of 2.18 mols CI* The condensate 

25 was fractionally distilled, and there were re- 
covered about 1.35 molts of carbometrafluor- 
idc b.p. —128° C and about 0.06 mol of 
irifluorochloromcthane, b.p. 81° C., corres- 
ponding to yields of about 96% and 4% 

50 respectively 



Example 5 
The reactor contained about 420 cc. of 
catalyst prepared as above. During a 4.75 65 
hour run, at a temperature of about 400° 
C, 240 g. (2.83 mols) of dichloroiucthanc 
and 185 g. (9.25 mols) of anhydrous hydro- 
gen fluoride were charged into the reactor. 
The mol ratio was about 1:3-2, and the 70 
contact time was about 13 seconds. 118 g. 
organic compounds were recovered in the 
cold trap. Titration of the water scrubber 
liquor showed a' recovery of 3.90 mols Cl \ 
On fractional distillation of the condensate, 75 
1.21 mols of difluoromethane, b.p. —50° C, 
and about 0.07 mol of fluoroehloromethane 
(CHjQF) b.p. — 9" C, were recovered. Con- 
versions were about 43% and 2.5% respec- 
tively, and yields were about 54% and 3%, 80 



Example 3 
During about 6 hours, 1.72 mols of di- 
fluorodichloromethane, and 7.5 mols of an- 
hydrous hydrogen fluoride were charged to 

35 the reactor containing the same catalyst as 
in Example 2. The mol ratio was about 1: 
4.4, the temperature throughout the run was 
maintained at about 470° C and the con- 
tact time was about 16 seconds. 137 g. 

40 of condensate were recovered in a cold trap. 
Titration of the scrubber liquor showed a 
recovery of 3.01 mols Ch On fractional dis- 
tillation of the condensate there were ob- 
tained 1-36 mols of carbon tetrafluoride and 

45 0.17 mols of trilluorochloromethane, corres- 
ponding to yields of about 79% and 10%. 

Example 4 
During a 4 hour run at a temperature of 
about 485° G, 1.72 mols of carbon tetra- 

50 chloride and 7.1 mols of anhydrous hydro- 
gen fluoride were passed into the reactor 
containing the same catalyst as in Example 
1. The mol ratio was about 1:4.4, the 
contact time about 8 seconds, and about 155 

55 g. or organic compounds were recovered in 
the trap. Titration of the water scrubber 
liquor showed a recovery of about 6,72 mcls 
of Cl- On fractional distillation of conden- 
sate there were recovered 1.08 mols of car- 

60 bontetrafluoride and 0.6 mol of trifluoro- 
chloromethanc, representing yields of about 
63% and about 34%. 



Example 6 
During about 4 hours, 215 g. (1.79 mols) 
of chloroform and 80 g. (4-0 mols) of anhyd- 
rous hydrogen fluoride were charged into the 
reactor containing the same catalyst as in Ex- 85 
omplc 5, the mol ratio being about 2.2:1. 
The temperature was maintained at about 
320° C a and the contact time was about 21 
seconds. 145 g- of organic condensate were 
recovered in the coid trap. Titration of the 90 
water scrubber liquor showed a recovery of 
2.5 mols of Ch On fractional distillation of 
the condensate, 0.7 mol of dichlorofluorc- 
methane, b.p. 9° C, 0.47 mol of difluoro- 
chloromethane, b.p. —40* C, and 0.30 mol 95 
of trifluoromemanc, b.p, —84° G, were re- 
covered. The respective conversions were 
about 39%, 27% and 17%, and the yields 
about 47%, 32% and 20%, 

We arc aware of Patent Specification 100 
945,017, which claims processes for the pre- 
paration of certain fiuorinated propanes with 
hydrogen fluoride, in the presence of a chro- 
mium oxide catalyst. 
WHAT WE CLAIM IS: — 105 
1, Process for producing fluorinated hyd- 
rocarbons, which comprises fluorinaring a 
halogenated straight chain saturated C— C, 
aliphatic hydrocarbon containing at least one 
carbon atoin_ carrying at least two halogen 110 
atoms of wfifch one at least is chlorine or 
bromine, and containing no element other 
than carbon, fluorine, chlorine, chlorine, bro- 
mine and hydrogen by heating it in the gas 
phase with gaseous substantially anhydrous 115 
hydrogen fluoride at a temperature of 225-^ 
650° C in the presence of a catalyst con- 
sisting of dichromium trioxide and obtained 
by precipitating hydrous chromic oxide from 
an aqueous solution of a trivalent chromium 120 
salt and subsequently heating it to 300— 
400° C for not less than one hour. 

2. Process according to claim 1, in which 
the fluorination temperature is 250—600° 

^' 125 
3- Process according to claim 1 or 2, 
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in which in the production of the catalyst the 
precipitate is heated to 300-400° C for 
not less than 2 hours. 

4- Process according to any one of the pre- 
ceding claims in which the halogenated hyd- 
rocarbon is perchlorofluorinated, and ihe 
fluorination temperature is 250—600° C 

5. Process according to any one of claims 
1—4, jn which the halogenated hydrocarbon 
contains not more than four carbon atoms. 

6. Process according to claim 5, in which 
the halogenated hydrocarbon contains three 
carbon atoms. 

7. Process according to claim 5, in which 
the halogenated hydrocarbon contains one 
carbon atom. 

8. Process according to claim 7, in which 



the halogenated hydrocarbon is a perhalo- 
genated methane containing at least one 
chlorine atom, all ihe other halogen atoms 
being either fluorine or chlorine, the fluorina- 
tion temperature is 400—550° C, and tetra- 
fluoromethane is produced. 

9, Process for producing fluorinated hyd- 
rocarbons substantially as hereinbefore des- 
cribed. 

10. Carbon tetrafiuoride and other fluorin- 
ated hydrocarbons obtained by a process 
claimed in any one of the preceding claims. 

J. A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, Gray's Inn, 
London, W.C.I, 
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